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 IMPACTS OF HUMAN DISTURBANCE ON THE BEHAVIOR OF 
 
SANDERLINGS ON THE GEORGIA COAST 
 
by 
 
AMY CATHERINE GRAY 
 
(Under the Direction of C. Ray Chandler) 
 
ABSTRACT 
 
Habitat loss has a serious impact on wildlife.  However, even when 
humans do not destroy habitat, their activity can have negative impacts on 
behavior.  The purpose of my study was (1) to test whether the presence of 
humans altered the behavior of Sanderlings, (Calidris alba), (2) to quantify the 
impacts of staged human encounters on Sanderlings, and (3) to assess whether 
Sanderlings on high-disturbance beaches habituate to the presence of humans.  
The study was conducted on two Georgia barrier islands with varying levels of 
human disturbances, Tybee Island and Sapelo Island.  I found that Sanderlings 
on a high-disturbance beach had lower foraging success than those on a low-
disturbance beach.  Across sites, Sanderling foraging success decreased with 
increasing number of people.  Staged encounters on a low-disturbance beach 
reduced Sanderling foraging activity to that of a Sanderling on a high-disturbance 
beach.  There was no evidence of habituation to people on high-disturbance 
beaches. 
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CHAPTER 1 
INTRODUCTION 
Human population growth, and habitat loss caused by this growth, are a 
serious threat to wildlife populations.  A wide range of animals are directly 
impacted by habitat loss.  For example, a study of montane bird communities in 
Malaysia found that species richness decreased significantly in areas with high 
levels of habitat loss (Soh et al. 2006).  Human presence and development 
negatively affected forest birds and butterflies in the Philippines, where there has 
been a loss of 83% of native forests (Posa and Sodhi 2006).  With the United 
States population growing to nearly 300 million people (0.9% annual growth rate) 
by 2005, destruction of the natural habitats on which wildlife depends is 
inevitable (U.S. Census Bureau 2005a).  In the last 50 years, approximately 
18.5% of native species showed a reduction in numbers in the forests of 
Wisconsin (Rooney et al. 2004).  Habitat loss can explain most of the reduction in 
numbers of endangered species in Canada (Kerr and Deguise 2004).  Tropical 
forest bird species are nearing extinction and can possibly be a direct result of 
deforestation (Sodhi et al. 2004).  Amphibian numbers are declining at a more 
rapid rate than mammals and birds, and habitat loss is driving many species to 
extinction (Stuart et al. 2004).  Habitat loss is an ever-growing problem around 
the world and can potentially significantly change the biodiversity of an area.  
Even when humans do not destroy habitat, their activities can reduce 
overall habitat suitability or have subtle negative effects on the health or behavior 
of animals.  Many studies show that animals are negatively impacted by human 
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presence, even when the disturbance is not direct.  One study on two species of 
social wasps found that the closer a human was to a nest, the greater the 
response from the wasps (Curtis and Stamp 2006).  A 20-year study of fallow 
deer (Dama dama) found that adult females and juveniles leave an area when 
human numbers increase (Apollonio et al. 2005).  Dall sheep (Ovus dalli) 
increase vigilance when near humans, and ewes spend less time bedding (Loehr 
et al. 2005).  Semipalmated Plovers (Charadrius semipalmatus) decrease their 
feeding rates when there are more people on the beach (Yasué 2005).  These 
are troubling examples because conservation activity is often triggered only by 
direct loss or development of habitat.   
Some of the best examples of this sort of disturbance come from coastal 
areas.  There are 672 coastal counties in the United States and as of 1990, 54% 
of the nation’s population was living in a coastal county (NOAA Statistical 
Abstract 2003).  In the southeast United States, Georgia, Florida, and North 
Carolina are three of the top ten fastest growing states as of 2005, and the south 
now holds 36% of the nation’s total population (U.S. Census Bureau 2005a).  
Florida and Georgia, among three other states, had 52% of the nation’s 
population growth from 2004 to 2005 (U.S. Census Bureau 2005a).  Specifically, 
Georgia has 28 coastal counties with an estimated population of almost one 
million people as of 2004 (U.S. Census Bureau 2005b).  This growing human 
population in coastal areas, including residential areas and businesses catered to 
intense tourism, will place animals in increasingly close contact with humans.   
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Thus, species dependent on coastal areas, such as shorebirds and 
wading birds, may be particularly susceptible to human impacts.  Most directly, 
urbanization and development in coastal regions results in a large amount of 
construction and habitat conversion.  Construction work was found to reduce 
population numbers of five species of waterbirds, as well as decrease the 
amount of time spent foraging for Green-winged Teal (Anas crecca) and 
Eurasian Oystercatcher (Haematopus ostralegus) (Burton et al. 2002a).  One 
study even showed that marsh birds foraged significantly more in undeveloped 
areas, and those in developed areas spent more of their time swimming and 
being active (Traut and Hostetler 2003).  It is not surprising that development and 
habitat loss is having a negative impact on the behavior of many birds.  However, 
even without large-scale impacts on habitat, humans may indirectly affect birds 
just by their everyday presence and common activities.  Even when coastal 
areas are not developed, they are still subject to intense human activity such as 
swimming, fishing, boating, and other recreational activities.  Studies are 
beginning to suggest that these indirect human disturbances are an important 
threat to shorebirds. 
Burger and Gochfeld (1998) found that time spent foraging by shorebirds 
decreases as the number of humans increases at the site.  Burton et al. (2002b) 
showed that the long-term numbers of Red Knot (Calidris canutus) and Northern 
Shelduck (Tadorna tadorna) decreased when in areas near humans on 
footpaths, roads, and railroads.  These studies suggest that just being near 
humans is enough to disturb birds, and it is even possible that birds will stop 
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frequenting areas where there is a high human presence.  Human disturbances 
can also impact the reproductive success of shorebirds.  Ecotourists who spend 
time near shorebirds can lower reproductive success by causing nest desertition 
or premature dispersal of chicks from the nest (Burger et al. 1995).  It has been 
suggested that these negative changes in shorebird behavior could be eliminated 
if there were some protection around the nests.  Murphy et al. (2003) used cages 
and electric fences to protect nests from predation and human disturbance.  
While cages provided significant protection from people on the nesting sites, 
electric fences were found to provide no significant additional protection of the 
nesting sites.   
The human-related disturbance that seems to cause the greatest negative 
response from coastal birds is the presence of dogs, whether on a leash or free 
to roam.  In multiple studies it has been found that shorebirds and other types of 
birds responded to dogs as more of a threat than people walking without a dog, 
and the birds tended to flush sooner when a dog was present (Lord et al. 2001, 
Miller et al. 2001).  In addition, birds seem to respond more negatively to dogs 
that are free-roaming than those that are leashed.  Lafferty (2001) found that 
leashed dogs did not disturb as many birds as dogs that were not leashed, but 
only a small percentage of dogs were observed on leashes.  Most of the birds 
that were disturbed by dogs ended up flushing from the area.  In African Black 
Oystercatchers (Haematopus moquini), free-roaming dogs are one of the largest 
contributing factors to the disturbance of the birds because dogs are predators 
on eggs and chicks of the oystercatchers when there is no person controlling the 
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dog (Leseberg et al. 2000).  Furthermore, Sanderlings (Calidris alba) were shown 
to have the largest negative disturbance from free-roaming dogs, although other 
human activities also negatively impacted their normal behaviors (Thomas et al. 
2003).   
Another factor to consider in the disturbances of shorebirds is that they 
are being intruded upon from water as well as the beach area.  Most people who 
visit the beach, whether they are residents or tourists, will spend just as much 
time in the water as they will on the sandy beach.  Burger (1981) suggests that 
human disturbances of shorebirds is not limited to just walking and running on 
the beach, but also personal watercraft and power boats.  These disturbances 
have large negative impacts on the behavior of birds by causing them to flush 
from the area (Burger 1998, Rodgers and Schwikert 2002, Rodgers and 
Schwikert 2003).  In addition, Burger (1998) found that birds reacted more to 
watercraft when they approached near nesting areas as opposed to the 
watercraft that stayed farther away.  
It is clear that human presence can elicit varying responses from 
shorebirds, depending on many factors.  These include how close people are to 
the shorebirds and whether or not the birds are nesting.  Human density varies 
along the coastline, and it is possible for some areas on the beach to be less 
disturbed by humans than other sites on the same stretch of beach.  This would 
allow for some areas to be considered safer than others.  Webb and Blumstein 
(2005) provided evidence that response to humans varied between areas 
separated only by a pier.  Another study addressed whether or not a fence would 
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provide birds with a sufficient refuge from human activity.  Birds that were fenced 
in away from humans tended to flush sooner than the birds in the more disturbed 
area outside of the fence (Ikuta and Blumstein 2003).  While fences may allow for 
a sort of refuge for birds to go to when the number of people gets too high to 
tolerate, they seem to respond quicker and not allow people as close when they 
are not used to being around these disturbances. 
Shorebirds in high-disturbance areas can be disturbed by people to such 
an extent that they develop some degree of tolerance for human disturbance.  
Shorebirds will allow a human to approach much closer when they are in a high- 
disturbance area.  One suggestion for this tolerance is that birds become 
habituated to the presence of humans when they are near humans over a long 
period of time (Deboer and Longamane 1996).  For example, observations in 
Florida showed that resident species of birds did not react to human disturbances 
as frequently as migrant birds in the area at the time (Klein et al. 1995).  
Habituation is even evident in nesting behaviors of birds as well.  New Zealand 
Dotterels (Charadrius obscurus aquilonius) allowed humans to get closer to them 
and their nests when they were in high-disturbance areas, and they would stay 
off their nests for a shorter period of time than dotterels in low-disturbance areas 
(Lord et al. 2001).  Snowy Egrets (Egretta thula) and Great Egrets (Ardea alba) 
decreased foraging rates when vehicles would slowly pass by or stop to observe 
the birds, but other species would not respond as strongly, suggesting 
habituation (Stolen 2003). 
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Documented impacts of humans on shorebirds, which are highly mobile 
species that can move long distances as part of their annual and daily cycle, 
raises the broader question of why shorebirds remain in high-disturbance areas.  
Some benefits of staying in an area (more or better food, established territory, 
fewer predators) may outweigh the costs of flying to another location (i.e. human 
disturbance may be higher in the new area, potential competitors or predators 
may be present, or loss of energy of flying).  One study shows that birds may not 
flee when they are already in an area with high human density because there is 
no suitable surrounding area that is equal or greater in quality, or the bird may 
have already invested in the site they are in now (Gill et al. 2001).  Despite high 
levels of disturbances in some areas, it is possible that the birds are willing to 
stay because the costs of leaving are too high. 
The Sanderling (Calidris alba) is a good subject for testing the effects of 
humans on shorebirds.  Sanderlings respond to humans by flushing at about 30 
meters distance from a person (Thomas et al. 2003).  However, it is not 
uncommon for Sanderlings to sometimes allow humans to approach them much 
closer than 30 meters (Roberts and Evans 1993, Lafferty 2001).  Among eleven 
species of shorebirds, Sanderlings had the shortest mean flushing distance, at 
about 14 meters (Rodgers and Smith 1997).  Thus, Sanderlings are a good 
candidate for habituation to human presence.   
Sanderlings are common along the coast of Georgia during most of the 
year.  They migrate to Arctic regions in order to nest, with the main migration 
flight occurring in May and September (Beaton et al. 2003: 50).  Sanderlings 
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spend their time foraging in the surf, probing in the wet sand for amphipods 
(larvae and adults), shrimps, small crustaceans and molluscs, marine worms, 
and other small organisms (Bent 1927: 272).  Sanderlings can potentially be 
impacted by human activities because they prefer the same open, sandy 
beaches as humans.  Furthermore, disturbance may be especially costly for 
Sanderlings and other shorebirds. 
The barrier islands of Georgia vary in levels of human disturbance, both 
within and among islands.  This provides the opportunity to study the impact of 
dramatically different levels of human disturbance on behavior of Sanderlings.  
Because Sanderlings are highly mobile they presumably have the option of 
moving among islands with different levels of human disturbance.  This gives me 
the opportunity to investigate where they tend to reside and what variables 
contribute to that choice.   
 The specific objective of my research is to address three questions 
regarding the effects of human disturbance on Sanderlings.  First, does the 
foraging and other behaviors of Sanderlings vary between a beach with high-
disturbance and low-disturbance?  Second, what are the impacts of staged 
disturbances on the behavior of Sanderlings in low-disturbance areas and how 
do the staged disturbances change Sanderling behavior?  Third, do Sanderlings 
show evidence of habituation to human presence in high-disturbance areas?  
The proposed research will give biologists and the general public insight to how 
human disturbances impact the behavior and numbers of Sanderlings and 
probably other shorebirds.  As well, this information can then be used to manage 
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human activity in high-disturbance areas and intelligently regulate public access 
in low disturbance areas in order to minimize negative impacts on animal 
behavior.     
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CHAPTER 2 
METHODS 
Study Areas 
 I collected data during spring (May-June) and fall (July-August) migration 
2005 on two Georgia barrier islands, Tybee Island and Sapelo Island.  The two 
islands have different levels of visitation by people, and densities of humans on 
beaches differs between and within islands.  I identified five sites on each island, 
covering most of the beach that was accessible by vehicle or walking (Figure 1 
and 2).  Both islands are available for public use and have a year-round resident 
population, but Sanderlings are common on both islands, almost throughout the 
year.   
Tybee Island.      
Tybee Island is located approximately 29 km east of Savannah, Georgia 
and is accessible by vehicle.  Tybee Island is approximately 1,200 total hectares 
and there is a total of 5.63 km of beach available to the public, and there are a 
large number of hotels and resorts, bars, beach shops, and over 30 restaurants 
are located on the island.  Tybee Island is completely developed with minimal 
restrictions on public access on the beaches.  Tybee hosts a large resident 
population with homes located on the most popular sections of the island, some 
of which are rented during the peak tourist season.  Tybee Island beaches are 
renourished with sand brought in from the ocean every 7 years and the last 
renourishment was done in 2000.   
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Sapelo Island.      
Sapelo Island is the fourth largest barrier island in Georgia, located 
approximately 13 km northeast of Darien, Georgia (Sullivan 1999: 15).  Sapelo 
Island is approximately 2,400 total hectares.  A visitor’s center is on the 
mainland, but the island is only accessible to the public via a ferry that runs daily.  
Sapelo is a National Estuarine Research Reserve (NERR) but is also managed 
by the Georgia Department of Natural Resources (DNR) (Chalmers 1997: i).  
There is a total of 8.85 km of beach on Sapelo Island.  On the island, there are 
places for tourists to stay if they visit in groups, as well as a pioneer camping site 
near one of the beaches.  There are a few commercial stores on the island, with 
one small shop that sells local food and souvenirs for tourists.  Sapelo Island also 
has a much smaller resident population than Tybee Island, which includes the 
Gullah community and DNR workers.  There are only approximately 75 resident 
Gullah people on Sapelo, and they live in a small area known as Hog Hammock. 
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Figure 1.1  Location of study sites on Tybee Island, Chatham County, Georgia.  
Site 1 is “North Beach”, Site 2 is “Lighthouse”, Site 3 is “Ocean Plaza”, Site 4 is 
“False Bay” and Site 5 is “Small Pier.” 
Site 1 
Site 2 
Site 3 
Site 4 
Site 5 
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Figure 1.2  Location of study sites on Sapelo Island, McIntosh County, Georgia.  
Site 1 is “North Beach”, Site 2 is “Cabretta”, Site 3 is “Old Beach Road”, Site 4 is 
“Nanny Goat” and Site 5 is “South Beach.”
Site 1 
Site 2 
Site 3 
Site 4 
Site 5 
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Behavioral Observations 
 I visited Tybee and Sapelo Islands on weekends (Friday-Sunday) when 
human visitation was expected to be at its peak.  I observed shorebird behavior 
throughout the day from sunrise to sunset.  I only visited one island per weekend, 
and all observations were carried out in clement weather (no rain or high wind).  
Observations were conducted by sitting quietly along the upper beach or dunes, 
approximately 100 meters from focal birds.  I did not use a blind because all 
Sanderlings appeared to return to normal activity within 3 minutes of my arrival.  
However, I sat at least 100 meters from the birds, but they would sometimes 
come closer during the observations.  When I was sitting and still for a short time 
at a site, I scanned the site as far as I could see in each direction and recorded 
the total number people and their activity.  I then scanned the site again and 
recorded all bird species present and recorded the total number of each species 
(Appendix A).  For each site, I also recorded the latitude and longitude (using 
GPS), time, temperature, humidity, tide level, weather conditions, and wind 
speed.  The time that it took to record these data was sufficient to allow 
shorebirds resume their natural behaviors.  
After Sanderlings were located, I used the focal animal sampling method 
(Altmann 1974) by randomly choosing one focal bird from the group and 
observing and recording all of the individuals’ behaviors during a 1-minute period 
(Thomas et al. 2003) (Table 1.1).  If an assistant were present, they would record 
the Sanderlings’ behaviors on the data sheet as I dictated them, and if no 
assistant were present, I would record the behaviors.  I used Nikon 8-24x power 
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binoculars for all observations.  During the 1-minute observations if the 
Sanderling became alert, flushed, or began running, I then attempted to 
determine what elicited the behavior (i.e., person, dog, other possible predator) 
and recorded the approximate distance from the Sanderling to the disturbance.  I 
recorded focal observations for 1 hour per site.  I estimated the percent of time 
that a bird devoted to state behaviors (Table 1.1) as number of seconds spent in 
behavior divided by 60 seconds.  I summarized event behaviors (Table 1.1) as 
number of events per minute.     
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Table 1.1  Definitions of behaviors for Sanderling, Calidris alba.  Behaviors 
shown in states (defined as percent time spent) and events (defined as event per 
minute). 
 
Behavior Name    Description 
Foraging (state) Searching for food, usually by following 
the surf 
 
Preening (state) Moving and arranging feathers will bill in 
order to clean 
 
Running (state) Moving at a fast pace, usually away 
from a disturbance 
 
Flushing (state) Flying a distance, usually away from a 
disturbance 
 
Sleeping (state) Being inactive and restful, usually with 
bill under one wing 
 
Probe (event) Placing bill in wet sand in order to find 
food 
 
Successful (event) A probe which results in finding food 
and eating it 
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Staged Disturbances 
In addition to focal observations, I staged encounters between 
Sanderlings and a human in order to quantify Sanderling response to a direct 
approach from a walking human.  When Sanderlings were foraging normally, my 
assistant would then walk parallel to the shoreline and wait another short time to 
make sure the birds were still calm.  Then, the assistant walked perpendicular to 
the shoreline towards the Sanderlings at a steady pre-determined pace 
(1m/second).  While the assistant was approaching the Sanderlings, I observed 
one focal bird chosen at random;  the focal bird was not disclosed to the 
assistant to avoid any bias towards the individual.  When the Sanderling became 
alert, I signaled silently to the assistant, who would remember the number of 
meters they had walked so far.  If the Sanderling flushed, I again signaled the 
assistant, who would remember the second number of meters walked.  The 
assistant did not adjust their direction towards the group of Sanderlings to 
compensate for their movement, but instead continued in a straight line towards 
the ocean.  If the sanderIing never flushed, the assistant would walk to the water 
line to complete the trial. 
After the trial was finished, the assistant walked back to me, and I 
recorded the distance (in meters) traveled for each signal given.  Then, another 
short time was allotted for the Sanderlings to resume normal activity and the 
same assistant approached the same group of birds again.  Another focal bird 
was chosen randomly and the same data were recorded.   
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Each study site was defined visually by one or more landmarks that were 
permanent and easily seen.  If the Sanderlings left the study site during the 
staged disturbances we did not follow them.  However, if they traveled within the 
area defined as the study site, we continued the staged disturbances.  These 
procedures were replicated as many times as possible for each site on different 
days throughout the weekend.   
Two assistants were used due to the inability to find an individual who was 
available for every weekend of data collection.  Both assistants were, however, 
required to wear similar clothing to maintain a level of similarity between the 
trials.  Both assistants were trained on how to walk at a steady pace during the 
staged disturbances and practiced prior to the trials.  Assistants also recorded 
behaviors during the Sanderling observations.  
Core Sampling 
 In order to evaluate food availability for the Sanderlings, I collected five 
core samples at each site during May (n=50) (Figure 1.3).  Samples were taken 
in wet sand near the waterline, and were taken 10 meters from each other.  The 
bill length of an adult Sanderling is 21-27mm long (Prater 1977: 81), and the 
samples collected were 10.5 cm into the sand to make sure the sample 
represented the prey items Sanderlings could access with their bills.  The core 
samples have a total volume of 51.5 cm3.  Samples were taken to Georgia 
Southern University and stored in a refrigerator for later observation.  All samples 
were stored in a cooler while on the island.  I diluted the samples with water to 
make organisms easier to see under the microscopes.  All samples were 
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observed under a dissecting microscope (10x power) and a compound 
microscope (40x power) to make a total count of all easily visible macrofaunal 
organisms.     
Statistical Analysis 
Data were analyzed using the JMP IN 5.1 Statistical Software.  Data were 
analyzed using One-way ANOVA for data with equal variances.  Equal variances 
were tested for using the Levene test and those that were not equal were 
analyzed using Kruskal-Wallis non-parametric tests.  Some data were analyzed 
using a G-tests and comparisons were made using Regressions.  I used analysis 
of covariance to compare the relationships between foraging behavior and 
number of people across islands.  For all tests, α values equal to 0.05. 
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Figure 1.3  Core sampler with dimensions (cm). 
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CHAPTER 3 
RESULTS 
Human Presence 
 There were more people on Tybee Island than Sapelo Island (H=78.4, 
df=1, P<0.0001) (Table 1.2, Figure 1.4).  However, the number of people varied 
among sites within an island (Tybee: H=26.49, df=4, P<0.0001 and Sapelo: 
H=45.47, df=4, P<0.0001).  The most common human behavior observed on 
both islands was walking.  Other common behaviors included running, sun 
bathing, and riding a bike (Table 1.3).  For Tybee Island, there was a significant 
difference among sites in number of people walking (H=12.1, df=4, P=0.01), but 
not running, sun bathing, or biking.  On Tybee Island the highest mean number of 
people walking were at the Ocean Plaza beach, and the lowest mean number of 
people walking were at the Small Pier beach.  On Sapelo Island, only walking 
was observed at every site, and there was a significant difference among sites, 
with Cabretta having the highest mean number of people walking and South 
Beach having the lowest mean number of people walking (F=3.01, df=4, 14, 
P=0.05). 
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Table 1.2  Mean number of people (± SE) observed on Tybee and Sapelo Island 
by site during this study (sites listed North-South) (n=48). 
 
Island   Site Name   Number of people   
      Mean ± SE  
 
Tybee   North Beach   28.75 ± 22.2   
Tybee   Lighthouse   120.66 ± 25.7  
Tybee   Ocean Plaza   233.40 ± 28.1  
Tybee   False Bay   88.15 ± 17.4   
Tybee   Small Pier   26.16 ± 25.7   
 
Sapelo  North Beach   12.00 ± 3.4   
Sapelo  Cabretta   16.00 ± 1.5   
Sapelo  Old Beach Road  1.16 ± 1.1   
Sapelo  Nanny Goat   5.81 ± 0.7   
Sapelo  South Beach   1.52 ± 1.1   
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Table 1.3  Mean number of people (± SE) involved in the indicated behaviors on 
Tybee and Sapelo Island by site during this study (sites listed North-South) 
(n=48). 
 
Island  Site Name   Walking Running Sun              Biking 
           Bathing    
 
Tybee  North Beach   15.4 ± 6.1 0.4 ± 0.6     2.8 ± 11.3       1.0 ± 0.6  
Tybee  Lighthouse   31.5 ± 5.6 2.1 ± 0.5     17.1 ± 10.3     0.8 ± 0.5  
Tybee  Ocean Plaza   47.3 ± 7.9 2.0 ± 0.8     58.6 ± 14.6     0.6 ± 0.8  
Tybee  False Bay   37.6 ± 6.1 1.8 ± 0.6     10.0 ± 11.3     1.8 ± 0.6   
Tybee  Small Pier   9.0 ± 6.1 0.2 ± 0.6     0.2 ± 11.3       0.0      
     
Sapelo North Beach   3.0 ± 2.4 0.0              0.0                  0.0   
Sapelo Cabretta   10.0 ± 2.4 0.0              0.0                  2.0 ± 0.5  
Sapelo Old Beach Rd 1.0 ± 1.2 0.0              0.0                  0.0  
Sapelo Nanny Goat   1.5 ± 0.8 0.0              0.4 ± 0.1         0.3 ± 0.1   
Sapelo South Beach   1.0 ± 1.2 0.0              0.0                  0.0   
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A 
B 
Figure 1.4  Sapelo Island (A) on May 13, 2005 and Tybee Island (B) on May 20, 2005.    
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Sanderling Behaviors 
 Sanderlings were readily found during spring and fall on both Tybee and 
Sapelo Islands (Figure 1.5).  The numbers of Sanderlings were significantly 
different among the months, with the highest numbers in May and lowest 
numbers in July (Tybee:  F=4.08, df=3, 34, P=0.01, Sapelo:  F=45.97, df=3, 89,  
P<0.0001)  (Figure 1.5).  However, significantly more Sanderlings occurred on 
Sapelo Island than Tybee Island (Tybee mean: 1.5±1.1 per scan, Sapelo mean: 
10.8±0.7 per scan)  (F=48.05, df=1, 129, P<0.0001).   
Sanderlings’ most common behavior on both islands was foraging, but 
Sanderlings on Sapelo Island spent more time foraging than on Tybee Island 
(Tybee:  45.2±12.1 seconds per 1-minute observation and Sapelo:  56.07±6.8 
seconds per 1-minute observation);  (H=24.81, df=1, P<0.0001);   (Figure 1.6).  
In addition to foraging more on Sapelo Island, Sanderlings also probed more and 
had more successful probes on Sapelo Island (Probes per 1-minute observation: 
H=30.53, df=1, P<0.0001, and Successfuls per 1-minute observation: H=15.29, 
df=1, P<0.0001).  There were no differences in foraging, probes, or successfuls 
among the five sites for Tybee Island.  There was no difference in foraging 
among the five sites for Sapelo, but there was a significant difference for probes 
per 1-minute observation among sites on Sapelo, with Cabretta beach having the 
highest mean number of probes per 1-minute observation (F=3.06, df=4, 72, 
P=0.02).  There was a significant difference in the number of successful probes 
per 1-minute observation on Sapelo Island, with Nanny Goat beach and Old 
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Beach Road having the highest mean number of successfuls per 1-minute 
observation (F=2.75, df=4, 72, P=0.03)  (Table 1.4).   
Sanderlings on Tybee Island showed evidence of more disturbance than 
Sanderlings on Sapelo Island.  Sanderlings spent significantly more time running 
on Tybee Island than they did on Sapelo Island (H=6.02, df=1, P=0.01)  (Figure 
1.6), and more Sanderlings were observed being alert during 1-minute 
observations on Tybee Island than the Sanderlings on Sapelo Island (G=17.7, 
df=1, P<0.0001)  (Figure 1.7).  Significantly more Sanderlings flushed on Tybee 
Island than they did on Sapelo Island (G=6.01, df=1, P=0.01)  (Figure 1.7).  
Sanderlings spent more time preening during 1-minute observations on Sapelo 
Island than they did on Tybee Island (G=4.27, df=1, P=0.03). 
There is evidence that these differences may be related to human activity.  
For all sites combined, Sanderlings spent less time foraging as human numbers 
increased (b= -0.09, r2=0.07, P<0.0001)  (Figure 1.8).  The number of probes and 
successful probes per 1-minute observations also declined significantly with 
higher human numbers for both Tybee Island and Sapelo Island (Probes per 1-
minute observation: b= -0.08, r2=0.14, P<0.0001), Successfuls per 1-minute 
observation: b= -0.01, r2=0.07, P<0.0001)  (Figure 1.8).  However, for Tybee and 
Sapelo Islands separately, there was no significant decline in foraging as the 
number of people increased (ANCOVA P=0.45)  (Figure 1.9).   
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Table 1.4  Time spent foraging (s), number of probes, and number of successful 
probes of Sanderlings during 1-minute focal observations for Tybee (n=34) and 
Sapelo (n=93) Island sites (sites listed North-South).  Numbers are mean (±SE).   
 
Island  Site   Foraging(s) Probes/min Successfuls/min 
Tybee  North Beach  38.4 ± 5.5 10.8 ± 2.2 2.0 ± 0.4   
Tybee  Lighthouse  35.0 ± 12.3 10.0 ± 5.1 1.0 ± 1.0  
Tybee  Ocean Plaza  50.0 ± 7.1 10.3 ± 2.9 1.6 ± 0.6  
Tybee  False Bay  47.2 ± 3.7 10.2 ± 1.5  1.09 ± 0.3  
Tybee  Small Pier  49.5 ± 8.7 12.0 ± 3.6 1.0 ± 1.0   
 
Sapelo North Beach  58.5 ± 4.9 13.5 ± 5.8 1.0 ± 1.4   
Sapelo Cabretta  56.7 ± 2.3 30.4 ± 2.7 2.6 ± 0.6   
Sapelo Old Beach Road 56.2 ± 1.7 21.2 ± 2.0 3.6 ± 0.5   
Sapelo Nanny Goat  55.4 ± 1.1 21.2 ± 1.4 4.0 ± 0.3   
Sapelo South Beach  56.6 ± 1.7 24.0 ± 2.0 2.3 ± 0.5   
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Figure 1.5  Number of Sanderlings (mean ± SE) observed at each site during one 
scan from May-August on all sites for Tybee Island (n=34) and Sapelo Island 
(n=93).  Asterisk indicates significant differences between islands.   
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Figure 1.6  Percent of time (mean ± SE) spent in various behaviors as estimated 
from 1-minute focal observations of Sanderlings on Tybee Island (n=34) and 
Sapelo Island (n=93).  Asterisk indicates significant differences between islands.   
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Figure 1.7  Percent Sanderlings that were observed alerting and flushing on 
Tybee Island (n=34) and Sapelo Island (n=93).   
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Figure 1.8  Relationship between total people and percent time spent foraging, 
number of probes per minute and number of successful probes per minute on 
Tybee Island (n=34) and Sapelo Island (n=93).   
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Figure 1.9  Relationship between total people and percent time spent foraging, 
on Tybee Island and Sapelo Island.  Dashed line indicates Tybee Island and 
solid line indicates Sapelo Island.  Results are not significant within each island. 
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Staged Disturbances 
 A different picture emerged when I quantified the effects of human 
numbers on Sanderling behavior within islands.  Foraging behavior and the 
number of Sanderlings that alerted did not vary with human numbers within 
islands (ANCOVA  P=0.45)  (Figure 1.9).  Due to relatively constant human 
disturbance on Tybee Island, I did not do any staged disturbances on Tybee 
Island.  However, I staged disturbances (n=29) on Sapelo Island in order to 
quantify specific responses by Sanderlings to human activity.   
Sanderlings foraged significantly more during focal observations than 
during staged disturbances on Sapelo Island (H=43.8, df=1, P<0.0001)  (Figure 
1.12).  Sanderlings probed approximately 10% more during observations without 
a staged disturbance than they did during the staged disturbances on Sapelo 
Island (H=7.9, df=1, P=0.004)  (Figure 1.10).  However, there was no difference 
in the successful probes per minute between observations on Sapelo Island and 
staged disturbances.  Sanderlings alerted 75% more and flushed 30% more 
during staged disturbances than during focal observations (Figure 1.11).  
Sanderlings that were being disturbed alerted at a mean of 27.4 m and flushed at 
a mean of 16.6 m from the person walking towards the group.   
Interestingly, there was no significant difference between time spent 
foraging on Tybee Island and time spent foraging during staged disturbances on 
Sapelo Island (F=0.15, df=1, 61 P=0.69)  (Figure 1.12).  Disturbance of a 
Sanderling by a single person on Sapelo Island was sufficient to decrease their 
foraging time to the level of highly disturbed Sanderlings on Tybee Island.  Thus, 
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Sanderlings probed more and were more successful during staged disturbances 
on Sapelo Island than on Tybee Island without staged disturbances (Probe: 
F=9.52, df=1, P=0.003, and Successful: H=6.23, df=1, 47, P=0.01)  (Figure 1.10).   
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Figure 1.10  Number of probes and successful probes (mean ± SE) per 60 
seconds for focal Sanderling observations and staged disturbances on Sapelo 
Island. 
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Figure 1.11  Percent Sanderlings that alerted and flushed during focal Sanderling 
observations and staged disturbances on Sapelo Island. 
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Figure 1.12  Percent time spent foraging (mean ±SE) for disturbed Sanderlings 
versus Sanderlings observed without staged disturbances on Tybee Island and 
Sapelo Island. 
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Core Sampling 
 The most common macrofaunal organisms found in the core samples 
were amphipods.  They were the only organism found in core samples on Tybee 
Island.  Sapelo Island had two mussels in one sample and one clam in a 
separate sample.  Using only counts for amphipods, Sapelo Island had 
significantly more amphipods than Tybee Island (Tybee:  0.4±1 per sample, 
Sapelo:  2.3±3 per sample)  (H=12.12, df=1, P=0.0005)  (Table 1.5).  There was 
no significant difference in number of amphipods among sites for Sapelo Island.  
There were significantly more amphipods at the Small Pier site on Tybee Island 
than there were at other Tybee Island sites (Small Pier: 1.6±0.3 per sample) 
(F=3.1, df=4, P=0.03).  I had no available means to measure the size or weight of 
each amphipod, but based on qualitative visual judgements, the amphipods on 
Sapelo Island appeared larger than the ones collected on Tybee Island.  
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Table 1.5  Number of amphipods (mean ±SE) and molluscs per core sample for 
Tybee and Sapelo Island sites (sites listed North-South) (n=5 per site). 
 
Island  Site   Amphipods  Molluscs   
Tybee  North Beach  0   0 
Tybee  Lighthouse  0.2±0.2  0 
Tybee  Ocean Plaza  0   0 
Tybee  False Bay  0.2±0.2  0 
Tybee  Small Pier  1.6±0.8  0  
 
Sapelo North Beach  1.4±0.5  0.2±0.1  
Sapelo Cabretta  4.4±2.2  0  
Sapelo Old Beach Road 3.6±1.6  0  
Sapelo Nanny Goat  0.8±0.5  0.4±0.2  
Sapelo South Beach  1.4±0.6  0  
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CHAPTER 4 
DISCUSSION 
My results demonstrate that human activity in coastal beaches impacts the 
behavior of a common shorebird, the Sanderling.  My results are consistent with 
the sort of human impacts documented for Sanderlings (Thomas et al. 2003) and 
other shorebirds (Burger and Gochfeld 1998).  I have shown that Sanderlings 
forage more in areas of low human densities and spend more time running and 
flushing in areas with high human densities (Figure 1.6).  While they are foraging, 
Sanderlings are probing more and are more successful in areas with low human 
densities.  Across both study sites, Sanderling foraging declines with increasing 
numbers of people (Figure 1.8).  However, a simple interpretation of human 
effects is complicated by the fact that Tybee Island also had lower resource 
abundance (Table 1.5).  Less foraging by Tybee Island Sanderlings could be 
related to less food availability.  
A possible “food-based” interpretation of my results is strengthened by the 
observation that Sanderling foraging was unrelated to numbers of humans within 
islands.  Adding more people within an island did not impact Sanderling behavior.  
However, two pieces of evidence argue against this interpretation.  First, there 
were no observations from Tybee Island when less than 20 people were present.  
All Sapelo observations involved less than 20 people.  Thus, it is possible that 
there is a threshold for human disturbance and neither island had human 
numbers that spanned the critical point.  Second, there is evidence from my 
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staged encounters that a single person can dramatically decrease foraging 
(Figure 1.12).   
 My staged encounters demonstrate that one person on a low-disturbance 
beach (Sapelo) can reduce foraging time and number of probes to the same level 
of a Sanderling on a high-disturbance beach (Tybee).  This is consistent with a 
threshold effect at low human numbers.  In general, my staged results produced 
results similar to earlier studies.  Other studies that have shown that the closer 
one person comes to a group of Sanderlings, the greater their response to the 
person (Roberts and Evans 1993).  Lafferty (2001) showed that Sanderlings 
allow humans to come closer than 30 meters before flushing.  Another study 
showed that disturbance from one person walking towards shorebirds caused 
significant negative changes in their behaviors by causing them to flush (Lord et 
al. 2001).  My results are similar to other studies and support the fact that 
Sanderlings are being impacted even when human numbers are low.   
Overall, my data illustrate the challenge of understanding why Sanderlings 
persist in use of highly disturbed beaches.  Sanderlings on Tybee Island spend 
less time foraging and more time being alert, running, and flushing.  In addition to 
the higher level of disturbances, there is less food available to Sanderlings on 
Tybee Island than on Sapelo Island.  Previous studies have suggested that 
shorebirds exposed to repeated human disturbance will habituate (Deboer and 
Longamane 1996).  Klein et al. (1995) found that resident species of birds did not 
react to human presence as much as migrant birds who were not used to 
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humans, suggesting habituation.  My data provide weak evidence for a lack of 
habituation on Tybee Island (Figure 1.9).   
Miller et al. (2001) showed that birds in low human disturbance areas 
flushed farther than birds in high human disturbance areas and attributed this 
difference in behavior to habituation.  There were some Sanderlings on Tybee 
Island that did not alert or flush when approached by a human, also suggesting 
the possibility of habituation.  A study of New Zealand dotterels (Charadrius 
obscurus aquilonius) showed that their responses to people were less intense on 
busy beaches than in low disturbance areas, also suggesting habituation (Lord et 
al. 2001).  Even with the possibility of habituation to human presence for the 
Sanderlings on Tybee Island, food abundance is higher on Sapelo and human 
densities are less, so why stay on Tybee Island at all?   
One possibility is fewer predators on Tybee Island, because human 
activity may limit hunting by Merlins and Peregrine Falcons.  If there are actually 
fewer predators on Tybee Island than Sapelo Island, it could be beneficial for 
Sanderlings to stay on Tybee Island rather than risk losing energy to go to 
another island with a potentially higher level of predators.  It could be that the 
costs of tolerating human densities on Tybee Island outweigh the risk of flying to 
another island, such as Sapelo Island, to potentially find higher foraging success, 
but also a possible higher number of predators.  However, Sanderlings were 
rarely observed scanning for predators and were observed more alerting to 
human approaches.  Thus, predators may not be an issue for Sanderlings on 
Tybee Island.  A second possibility is that there may be subordinate or 
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inexperienced individuals staying on Tybee Island.  Some Sanderlings may be 
subjected to dominant Sanderlings within the group that chase them from the 
more suitable foraging areas and inexperienced Sanderlings may simply not be 
aware of the surrounding more suitable foraging habitat.  Competition between 
Sanderlings on Tybee Island may be less due to the fact that there are fewer 
Sanderlings present.  However, no data are available on possible age, sex, or 
status-dependent variation in habitat use of Sanderlings.   
Based on the findings from my behavioral observations and the staged 
disturbance trials performed on Sapelo Island, there are distinct differences in 
Sanderling behaviors when in areas of low human disturbance versus high 
human disturbance.  High human numbers appear to affect foraging success and 
may affect migration timing or survival of Sanderlings.  Human disturbances may 
be especially costly for migratory shorebirds because Sanderlings in high-
disturbance areas are spending more time using energy than taking it in.  With 
careful management of the high human disturbance areas, it is possible that 
Sanderlings and other shorebirds would have the opportunity to revert back to 
their natural behaviors.  There needs to be some level of management for the 
Sanderlings and shorebirds in low disturbance areas to make sure that the areas 
do not become high human disturbance areas.   
 Some management suggestions would include creating refuge areas for 
Sanderlings and shorebirds on islands with high human densities.  This would 
allow the birds an area that is near enough that they could easily fly there when 
human densities become too high to tolerate.  There should be areas in both low 
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and high human disturbance sites that mark at least 50 meters from where 
Sanderlings are commonly found foraging so that they may forage without having 
to spend more of their activity budget being alert, running, or flushing.  However, 
further research is needed to work out the affects of human numbers versus food 
supply.  For both Tybee and Sapelo Island, it is suggested that the public have 
easy access to basic information regarding the importance of Georgia shorebirds 
and that it is best for them if they are not intentionally chased or disturbed, either 
by humans or dogs (whether on a leash or free-roaming).  Tybee Island does not 
allow dogs by rule, however, the rules should be enforced by local authorities to 
ensure the public abides by them.   
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APPENDIX A 
 
Number of birds (mean ± SE) of other species observed on each island during 
study. (n=48) 
 
Species      Number of Individuals 
     Tybee Island  Sapelo Island 
 
Ring-billed Gull  
(Larus delawarensis)  20.3 ± 32.8   2.9 ± 7.2 
 
Royal Tern  
(Sterna maxima)   16.6 ± 42.4   4.6 ± 15.3 
 
Brown Pelican  
(Pelecanus occidentalis)  7.29 ± 10.2   9.7 ± 19.8 
 
Double Crested Cormorant  
(Phalacrocorax auritus)  4.04 ± 12.7   0.25 ± 0.84 
 
Laughing gull  
(Larus atricilla)   3.12 ± 5.3   5.4 ± 18.1 
 
Sanderlings  
(Calidris alba)   1.5 ± 1.1   10.8 ± 0.7 
 
Osprey  
(Pandion haliaetus)   0.16 ± 5.3   0.08 ± 0.28 
 
Black skimmer  
(Rhynchops niger)   0.16 ± 0.4   0.5 ± 1.5 
 
Willet  
(Catoptrophorus semipalmatus) 0.12 ± 0.6   0.41 ± 0.82 
 
American Oystercatcher  
(Haematopus palliatus)  0.12 ± 0.6   0.16 ± 0.48 
 
Black-bellied plover  
(Pluvialis squatarola)  0.12 ± 0.6   0.08 ± 0.4 
 
Dunlin  
(Calidris alpina)   0    8.6 ± 26.1 
 
Bald eagle  
(Haliaeetus leucocephalus) 0    0.04 ± 0.2 
